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INTRODUCTIONINTRODUCTION 

ThisThis reportreport ofof progressprogress consistsconsists ofof JobJob SegmentSegment 
ReportsReports fromfrom thethe StateState ofof AlaskaAlaska FederalFederal AidAid inin FishFish 
RestorationRestoration ProjectProject F-5-R-5,F-5-R-5, "Sport"Sport FishFish InvestigationsInvestigations 
ofof Alaska."Alaska." 

TheThe projectproject isis composedcomposed ofof 2525 separateseparate studiesstudies 
designeddesigned toto evaluateevaluate thethe variousvarious aspectsaspects ofof thethe State'sState's 
recreationalrecreational fisheryfishery resources.resources. OfOf these,these, eighteight jobsjobs 
areare designeddesigned toto continuecontinue thethe catalogingcataloging andand inventoryinventory 
ofof thethe numerousnumerous StateState waterswaters inin anan attemptattempt toto prepareprepare 
anan indexindex ofof thethe recreationalrecreational waters.waters. FourFour jobsjobs areare 
designeddesigned forfor specificspecific sportsport fisheryfishery creelcreel censuscensus whilewhile 
thethe remainderremainder ofof thethe jobsjobs areare moremore specificspecific inin nature.nature. 
TheseThese includeinclude independentindependent studiesstudies onon kingking salmon,salmon, silversilver 
salmon,salmon, grayling,grayling, DollyDolly Varden,Varden, aa statewidestatewide accessaccess evalua­evalua­
tiontion program,program, eggegg taketake programprogram andand aa residualresidual toxaphenetoxaphene 
study.study. TheThe informationinformation gatheredgathered fromfrom thethe combinedcombined studiesstudies 
willwill provideprovide thethe necessarynecessary backgroundbackground datadata forfor aa betterbetter 
understandingunderstanding ofof locallocal managementmanagement problemsproblems andand assistassist inin 
thethe developmentdevelopment ofof futurefuture investigationalinvestigational studies.studies. 

TheThe subjectsubject mattermatter containedcontained withinwithin thesethese reportsreports 
isis oftenoften fragmentaryfragmentary inin nature.nature. TheThe findingsfindings maymay notnot 
bebe conclusiveconclusive andand thethe interpretationsinterpretations containedcontained thereintherein 
areare subjectsubject toto re-evaluationre-evaluation asas thethe workwork progresses.progresses. ,..,.. 
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VolumeVolume 55	 ReportReport No.No. 8-C-38-C-3 

JOBJOB COMPLETIONCOMPLETION REPORTREPORT 

RESEARCHRESEARCH PROJECTPROJECT SEGMENTSEGMENT 

STATE:STATE: ALASKAALASKA Name:Name:	 SportSport FishFish InvestigationsInvestigations 
ofof Alaska.Alaska. 

ProjectProject No:No: F-5-R-5F-5-R-5 Title:Title:	 EvaluationEvaluation ofof thethe FireFire LakeLake 
HatcheryHatchery WaterWater Supply.Supply. 

JobJob No:No: 8-C-38-C-3 

PeriodPeriod Covered:Covered: FebruaryFebruary 1,1, 19631963 toto JanuaryJanuary 31,31, 1964.1964. 

Abstract:Abstract: 

WaterWater temperaturestemperatures atat FireFire LakeLake HatcheryHatchery reachedreached aa 
maximummaximum ofof 595900 F.F. duringduring July,July, AugustAugust andand SeptemberSeptember andand aa 
minimumminimum ofof 3434ooF.F. inin November.November. TheThe bypassbypass valvevalve remainedremained 
openopen duringduring subzerosubzero airair temperaturestemperatures toto maintainmaintain suitablesuitable 
hatcheryhatchery waterwater temperaturestemperatures andand preventprevent freezingfreezing ofof thethe 
pipelines.pipelines. MaximumMaximum waterwater temperaturestemperatures recordedrecorded atat thethe 
surfacesurface andand 20-foot20-foot depthdepth onon UpperUpper FireFire LakeLake werewere 6262 ooF.F. 
andand 4848ooF.,F., respectively.respectively. BothBoth recordingsrecordings werewere mademade inin 
August.August. TheThe annualannual meanmean dissolveddissolved oxygenoxygen concentrationconcentration 
inin thethe hatcheryhatchery waswas approximatelyapproximately 6.86.8 ppm.ppm. OnOn onlyonly oneone 
occasionoccasion aa readingreading ofof lessless thanthan 55 ppmppm waswas recorded.recorded. 
DissolvedDissolved oxygenoxygen inin UpperUpper FireFire LakeLake waswas lowestlowest atat allall 
depthsdepths inin latelate spring.spring. TheThe hydrogen-ionhydrogen-ion (pH)(pH) rangedranged fromfrom 
6.76.7 toto 7.87.8 inin thethe hatcheryhatchery andand 6.86.8 toto 7.87.8 inin UpperUpper FireFire 
Lake.Lake. CarbonCarbon dioxidedioxide andand totaltotal alkalinityalkalinity concentrationsconcentrations 
inin thethe hatcheryhatchery closelyclosely correspondedcorresponded withwith thosethose atat thethe 
1515 andand 20-foot20-foot depthsdepths inin UpperUpper FireFire LakeLake duringduring thethe year.year. 
TheThe maximummaximum snowsnow covercover measuredmeasured inin 19631963 waswas 9.59.5 inchesinches 
andand thethe iceice depthdepth measuredmeasured 3434 inches.inches. TheThe peakpeak runoffrunoff inin 
FireFire CreekCreek occurredoccurred inin JuneJune soonsoon afterafter breakupbreakup onon UpperUpper 
FireFire Lake.Lake. HolesHoles werewere drilleddrilled inin thethe waterwater supplysupply pipe­pipe­
lineline belowbelow thethe surfacesurface ofof UpperUpper FireFire LakeLake toto releaserelease thethe 
gasgas thatthat accumulatesaccumulates withinwithin thethe pipeline.pipeline. TheThe flowflow ofof 
waterwater toto thethe woodenwooden tankstanks waswas maintainedmaintained throughthrough OctoberOctober 
19631963 toto holdhold thethe markedmarked cohocoho salmonsalmon (Oncorhynchus(Oncorhynchus kisutch)kisutch) 
forfor thethe restockingrestocking ofof BearBear LakeLake onon thethe KenaiKenai Peninsula.Peninsula. 
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Recommendations:Recommendations: 

ContinuationContinuation ofof thisthis projectproject isis recommendedrecommended withwith 
emphasisemphasis placedplaced onon thethe evaluationevaluation ofof thethe existingexisting datadata 
forfor thethe properproper manipulationmanipulation ofof thethe hatcheryhatchery waterwater supplysupply 
intake.intake. 

SimplifiedSimplified methodsmethods ofof measuringmeasuring waterwater flowsflows withinwithin 
thethe hatchery,hatchery, atat thethe bypass,bypass, andand belowbelow thethe hatcheryhatchery onon 
FireFire CreekCreek shouldshould bebe deviseddevised andand operatedoperated periodicallyperiodically 
toto establishestablish seasonalseasonal trendstrends andand variations.variations. 

AA filterfilter shouldshould bebe installedinstalled alongalong thethe waterwater supplysupply 
pipelinepipeline toto preventprevent smallsmall fish,fish, siltsilt andand otherother debrisdebris fromfrom 
enteringentering thethe hatchery.hatchery. 

TheThe intakeintake portionportion ofof thethe waterwater supplysupply pipelinepipeline shouldshould 
bebe securedsecured toto thethe towertower onon UpperUpper FireFire LakeLake toto increaseincrease easeease 
ofof manipulationmanipulation andand accuracyaccuracy ofof depthdepth control.control. 

Objectives:Objectives: 

ToTo evaluateevaluate thethe FireFire LakeLake HatcheryHatchery waterwater supplysupply andand 
toto provideprovide recommendationsrecommendations forfor improvementsimprovements andand proceduresprocedures 
designeddesigned toto fullyfully utilizeutilize itsits potential.potential. 

TechniquesTechniques Used:Used: 

WaterWater temperaturestemperatures werewere continuouslycontinuously recordedrecorded onon aa 
TaylorTaylor recordingrecording instrumentinstrument duringduring thethe year.year. TheThe thermo­thermo­
graphgraph isis aa spring-woundspring-wound devicedevice thatthat measuresmeasures thethe waterwater 
temperaturetemperature andand simultaneouslysimultaneously recordsrecords themthem onon aa circularcircular 
chartchart inin 7-day7-day periods.periods. 

Maximum-minimumMaximum-minimum outsideoutside airair temperaturestemperatures werewere takentaken 
andand recordedrecorded throughoutthroughout thethe reportreport yearyear fromfrom aa TaylorTaylor mer­mer­
curycury thermometerthermometer mountedmounted onon thethe northnorth wallwall ofof thethe hatchery.hatchery. 

WaterWater samplessamples werewere collected,collected, analyzedanalyzed andand recordedrecorded 
atat thethe intakeintake towertower inin UpperUpper FireFire LakeLake andand atat thethe hatcheryhatchery 
toto determinedetermine variationsvariations betweenbetween thethe twotwo stations,stations, observeobserve 
anyany chemicalchemical oror physicalphysical changeschanges inin thethe hatcheryhatchery duringduring 
eggegg andand fishfish occupancy,occupancy, andand establishestablish seasonalseasonal trends.trends. 
DissolvedDissolved oxygen,oxygen, pHpH andand turbidityturbidity teststests werewere conductedconducted 
onon aa HachHach directdirect readingreading colorimeter.colorimeter. CarbonCarbon dioxidedioxide andand 
totaltotal alkalinityalkalinity concentrationsconcentrations werewere determineddetermined byby thethe titri­titri ­
metricmetric method.method. IceIce andand snowsnow covercover andand waterwater andand airair tempera­tempera­
turestures werewere recordedrecorded onon eacheach samplesample date.date. 
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MeasurementsMeasurements ofof thethe flowflow ofof waterwater atat thethe bypass,bypass, 
throughthrough thethe hatcheryhatchery andand belowbelow thethe hatcheryhatchery werewere takentaken 
periodicallyperiodically duringduring thethe year.year. ThreeThree methodsmethods werewere employedemployed 
inin recordingrecording thethe flows:flows: thethe time-volumetime-volume displacementdisplacement 
method,method, rectangularrectangular weirweir methodmethod andand thethe EmbodyEmbody method.method. 

OneOne holehole waswas drilleddrilled inin thethe waterwater supplysupply pipelinepipeline 
toto alleviatealleviate thethe dissolveddissolved gasgas problemproblem whichwhich occursoccurs withwith 
thethe onsetonset ofof warmwarm weather.weather. TheThe holehole waswas drilleddrilled inin oneone 
submergedsubmerged pipepipe sectionsection inin UpperUpper FireFire Lake.Lake. 

TheThe aluminumaluminum troughtrough aeratorsaerators werewere placedplaced inin opera­opera­
tiontion inin earlyearly summersummer toto alleviatealleviate thethe "gas-bubble""gas-bubble" diseasedisease 
whichwhich occursoccurs duringduring thethe summersummer months.months. 

Findings:Findings: 

AA descriptiondescription ofof thethe FireFire LakeLake HatcheryHatchery andand itsits opera­opera­
tiontion waswas presentedpresented inin thethe 19621962 completioncompletion reportreport F-5-R-3F-5-R-3 
(ADFG,1962).(ADFG, 1962). 

UPPERUPPER FIREFIRE LAKELAKE 

TheThe waterwater supplysupply forfor thethe FireFire LakeLake HatcheryHatchery isis ob­ob­
tainedtained fromfrom UpperUpper FireFire LakeLake whichwhich isis locatedlocated approximatelyapproximately 
3434 feetfeet aboveabove thethe levellevel ofof thethe hatchery.hatchery. WaterWater samplessamples 
werewere collectedcollected periodicallyperiodically fromfrom fivefive depthsdepths atat thethe intakeintake 
towertower (Station(Station 1)1) onon UpperUpper FireFire Lake.Lake. TheThe samplessamples werewere 
testedtested forfor dissolveddissolved oxygen,oxygen, carboncarbon dioxide,dioxide, totaltotal alka­alka­
linity,linity, pHpH andand turbidity.turbidity. WaterWater andand airair temperatures,temperatures, 
andand snowsnow andand iceice covercover werewere recordedrecorded simultaneouslysimultaneously withwith 
eacheach waterwater sample.sample. 

WaterWater temperaturestemperatures recordedrecorded atat thethe variousvarious depthsdepths 
inin UpperUpper FireFire LakeLake areare presentedpresented inin FIGUREFIGURE 1.1. MaximumMaximum 
temperaturestemperatures atat allall depthsdepths occurredoccurred duringduring thethe monthmonth ofof 
August.August. TheThe waterwater temperaturetemperature atat thethe surfacesurface reachedreached aa 
highhigh ofof 6262 ooF.F. inin August,August, whilewhile thethe maximummaximum temperaturetemperature atat 
thethe 20-foot20-foot levellevel waswas 4S4SooF.F. recordedrecorded duringduring thethe samesame month.month. 
NoNo temperaturestemperatures andand dissolveddissolved oxygenoxygen samplessamples werewere takentaken 
inin thethe latterlatter partpart ofof MayMay duedue toto thethe iceice breakup.breakup. TightTight 
schedulesschedules inin otherother projectsprojects precludedprecluded dissolveddissolved oxygenoxygen 
andand temperaturetemperature determinationsdeterminations duringduring JuneJune andand earlyearly July.July. 
TheThe chartchart indicatesindicates thatthat thethe springspring turnoverturnover occurredoccurred inin 
latelate AprilApril andand fallfall turnoverturnover occurredoccurred earlyearly inin OctoberOctober 
(FIGURE(FIGURE 1).1). 
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FebruaryFebruary 19631963 toto JanuaryJanuary 1964.1964. 



AsAs latelate asas MayMay 33 thethe iceice covercover onon UpperUpper FireFire LakeLake 
measuredmeasured 3030 inches,inches, butbut onlyonly 1111 daysdays laterlater 2121 inchesinches ofof iceice 
remainedremained (TABLE(TABLE 1).1). IceIce breakupbreakup occurredoccurred onon MayMay 2323 thisthis 
year,year, whilewhile inin 19621962 breakupbreakup occurredoccurred onon MayMay 15.15. IceIce forma­forma­
tiontion beganbegan earlyearly inin NovemberNovember andand reachedreached aa maximummaximum measuredmeasured 
depthdepth ofof 3434 inchesinches duringduring April.April. 

FIREFIRE LAKELAKE HATCHERYHATCHERY 

TheThe pipelinepipeline whichwhich suppliessupplies waterwater toto FireFire LakeLake 
HatcheryHatchery fromfrom UpperUpper FireFire LakeLake isis 88 inchesinches inin diameter,diameter, 
aboveabove groundground andand uninsulated.uninsulated. WaterWater temperaturestemperatures re­re­
cordedcorded immediatelyimmediately uponupon enteringentering thethe troughstroughs rangedranged fromfrom 
343400 FF toto 595900 F.F. throughoutthroughout thethe yearyear (FIGURE(FIGURE 2).2). TheThe annualannual 
meanmean waterwater temperaturetemperature inin 19631963 isis approximatelyapproximately 10F.10F. lowerlower 
thanthan thethe averageaverage annualannual temperaturetemperature inin 19621962 (FIGURE(FIGURE 1,I, ADFG,ADFG, 
1962).1962). TheThe manipulationmanipulation ofof thethe intakeintake pipepipe onon UpperUpper FireFire 
LakeLake and/orand/or thethe adjustmentadjustment ofof thethe dischargedischarge raterate ofof waterwater 
throughthrough thethe bypassbypass valvevalve maintainedmaintained adequateadequate hatchinghatching andand 
rearingrearing waterwater temperaturestemperatures throughoutthroughout thethe winterwinter andand summersummer 
months.months. TheThe bypassbypass valvevalve waswas openopen fromfrom JulyJuly throughthrough 
OctoberOctober andand suppliedsupplied waterwater toto thethe woodenwooden rearingrearing tankstanks 
atat approximatelyapproximately 5050 gallonsgallons perper minute.minute. TheThe supplysupply ofof waterwater 
toto thethe tankstanks waswas maintainedmaintained toto rearrear andand holdhold thethe markedmarked 
cohocoho salmonsalmon whichwhich willwill bebe transplantedtransplanted inin BearBear Lake.Lake. 

ThereThere waswas littlelittle differencedifference inin dissolveddissolved oxygenoxygen 
betweenbetween thethe headhead ofof thethe troughstroughs (Station(Station 2)2) andand thethe footfoot 
ofof thethe lowerlower troughtrough (Station(Station 3)3) fromfrom FebruaryFebruary toto OctoberOctober 
1963.1963. NoNo samplessamples werewere takentaken fromfrom NovemberNovember 19631963 throughthrough 
JanuaryJanuary 1964,1964, duedue toto changechange ofof operationoperation ofof thethe hatchery.hatchery. 
TheThe silversilver salmonsalmon eggseggs werewere allall placedplaced inin incubatorsincubators andand 
onlyonly oneone troughtrough (without(without eggs)eggs) hadhad runningrunning waterwater soso thatthat 
temperaturestemperatures couldcould bebe recorded.recorded. NoNo teststests werewere mademade atat 
StationStation 33 asas therethere waswas nono waterwater atat thisthis station.station. InIn earlyearly 
summer,summer, aluminumaluminum troughtrough aeratorsaerators (FIGURE(FIGURE 7,7, ADFG,ADFG, 1962)1962) 
werewere installedinstalled atat thethe headsheads ofof eacheach troughtrough occupiedoccupied byby 
fish,fish, primarilyprimarily toto removeremove dissolveddissolved gasesgases inin thethe hatcheryhatchery 
water.water. 

TheThe pHpH readingsreadings diddid notnot varyvary considerablyconsiderably betweenbetween thethe 
headhead andand thethe footfoot ofof thethe troughstroughs duringduring thethe yearyear (TABLE(TABLE 6)6) .. 
MaximumMaximum pHpH readingsreadings (7.8)(7.8) occurredoccurred duringduring thethe summersummer months,months, 
whilewhile minimumminimum readingsreadings (6.7)(6.7) werewere recordedrecorded inin thethe winter.winter. 
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TABLETABLE 1.1. AirAir temperatures,temperatures, snowsnow depthdepth andand iceice depthdepth expressedexpressed inIn degreesdegrees fahren­fahren­
heitheit andand inchesinches atat StationStation 11 onon UpperUpper FireFire LakeLake fromfrom FebruaryFebruary 7,7, 19631963 
toto JanuaryJanuary 21,21, 1964.1964. 

DateDate 

FebruaryFebruary 7,7, 19631963 
FebruaryFebruary 14,14, 19631963 
FebruaryFebruary 20,20, 19631963 
FebruaryFebruary 27,27, 19631963 
MarchMarch 7,7, 19631963 
MarchMarch 13,13, 19631963 
MarchMarch 20,20, 19631963 
MarchMarch 28,28, 19631963 

[V 	 AprilApril 4,4, 19631963tv 
IVN 
~~	 AprilApril 11,II, 19631963 

AprilApril 18,18, 19631963 
AprilApril 25,25, 19631963 
MayMay 3,3, 19631963 
MayMay 14,14, 19631963 
AugustAugust 16,16, 19631963 
SeptemberSeptember 25,25, 19631963 
OctoberOctober 11,11, 19631963 
NovemberNovember 26,26, 19631963 
DecemberDecember 4,4, 19631963 
DecemberDecember 27,27, 19631963 
JanuaryJanuary 3,3, 19641964 
JanuaryJanuary 21,21, 19641964 

AirAir
 
Temp.Temp.
 

1212 
2626 
3030 
4040 
3838 
2828 
3030 
2222 
4242 
3434 
3030 
4646 
5151 
5555 
6464 
5353 
4040 

22 
3030 
2424 
2323 

-12-12 

SnowSnow
 
DepthDepth
 

6.56.5 
9.59.5 
6.06.0 
3.03.0 
0.00.0 
3.03.0 
5.05.0 
2.02.0 
2.02.0 
4.04.0 
9.09.0 
1.01.0 
0.00.0 
0.00.0 

1.51.5 
2.52.5 
0.00.0 
4.04.0 
4.54.5 

IceIce 
DepthD~th 

30.530.5 
31.31. 55 
31.031.0 
32.032.0 
31.031.0 
31.031.0 
31.031.0 
33.033.0 
33.033.0 
34.034.0 
34.034.0 
32.032.0 
30.030.0 
21.021.0 

16.016.0 
17.017.0 
21.021.0 
22.022.0 
25.025.0 

AnnualAnnual MeanMean	 3232 3.33.3 28.228.2 



- - --

N 
N 
V! 

Q) 

L­

::s-0... 
Q) 
Q. 

E 
Q) 

I­

45 

40 

35 j t 1 

30 
Feb. Mar. Apr. May Jun Jul. Aug. Sept. Oct. Nov. Dec. Jan. 

Figure 2. Monthly range and mean water temperature at Fire Lake Hatchery from 

February 1963 to January 1964. 

j 1 

Q) 45 
N ... 
N ::3 
Ul -0 40... 

Q) 

Q. 

E 
Q) 35 
I-

30 
Feb. Mar. Apr. May Jun Jul. Aug. Sept. Oct. Nov. Dec. Jon. 

Figure 2. Monthly range and mean water temperature at Fire Lake Hatchery from 

February 1963 to January 1964. 



TheThe meanmean airair temperaturestemperatures werewere recordedrecorded duringduring eacheach 
waterwater samplesample periodperiod onon UpperUpper FireFire LakeLake (TABLE(TABLE 1).1). NormalNormal 
seasonalseasonal variationsvariations areare indicated.indicated. 

TheThe analysisanalysis ofof thethe datadata forfor dissolveddissolved oxygenoxygen col­col­
lectedlected fromfrom 55 depthsdepths onon UpperUpper FireFire LakeLake revealedrevealed thatthat 
duringduring thethe winterwinter andand springspring ofof 19631963 thethe concentrationsconcentrations 
graduallygradually declineddeclined atat thethe lS-andlS-and 20-foot20-foot depthsdepths (TABLE(TABLE 2).2). 
LowLow dissolveddissolved oxygenoxygen concentrationsconcentrations atat thesethese twotwo depthsdepths 
werewere recordedrecorded inin mid-April.mid-April. ThereThere waswas littlelittle variationvariation 
atat thethe otherother threethree depths.depths. DuringDuring thethe springspring turnover,turnover, 
thethe lakelake rapidlyrapidly tooktook onon oxygenoxygen andand averagedaveraged aboutabout 1010 ppmppm 
duringduring thethe summer.summer. AA highhigh ofof 12.912.9 ppmppm occurredoccurred onon 
AugustAugust 1616 atat thethe IS-footIS-foot depth.depth. DissolvedDissolved oxygenoxygen concen­concen­
trationstrations graduallygradually diminisheddiminished againagain afterafter thethe fallfall turn­turn­
over.over. 

TheThe highhigh pHpH readingsreadings onon UpperUpper FireFire LakeLake occurredoccurred 
atat thethe shallowershallower depthsdepths duringduring thethe summersummer months,months, whilewhile 
thethe lowlow readingsreadings werewere recordedrecorded atat thethe 20-foot20-foot depthdepth duringduring 
thethe winterwinter andand springspring monthsmonths (TABLE(TABLE 3).3). AnAn annualannual pHpH 
differentialdifferential ofof 0.20.2 occursoccurs betweenbetween thethe surfacesurface andand atat 
thethe 20-foot20-foot levellevel withwith thethe higherhigher readingsreadings recordedrecorded atat 
thethe surface.surface. 

TheThe carboncarbon dioxidedioxide concentrationsconcentrations atat allall depthsdepths inin 
UpperUpper FireFire LakeLake rangedranged fromfrom 00 toto 1212 ppmppm throughoutthroughout thethe 
yearyear (TABLE(TABLE 4).4). TheThe highesthighest annualannual meanmean concentrationsconcentrations 
werewere recordedrecorded atat thethe 20-foot20-foot level,level, whilewhile thethe lowestlowest 
readingsreadings occurredoccurred atat thethe surface.surface. CarbonCarbon dioxidedioxide waswas 
highesthighest atat allall depthsdepths justjust priorprior toto springspring turnover.turnover. 

TotalTotal alkalinityalkalinity teststests performedperformed onon thethe waterwater samplessamples 
fromfrom UpperUpper FireFire LakeLake revealedrevealed thatthat thethe fluctuationfluctuation ofof con­con­
centrationcentration levelslevels correspondcorrespond similarlysimilarly toto thethe carboncarbon dioxidedioxide 
levelslevels (TABLE(TABLE 5).5). 

TurbidityTurbidity concentrationsconcentrations measuredmeasured fromfrom waterwater samplessamples 
takentaken atat UpperUpper FireFire LakeLake werewere negligiblenegligible throughoutthroughout thethe 
year.year. AA highhigh ofof 2525 unitsunits waswas recordedrecorded onon DecemberDecember 44 atat 
thethe IS-footIS-foot depth.depth. 

SnowSnow depthsdepths onon UpperUpper FireFire LakeLake fluctuatedfluctuated betweenbetween 
eacheach samplesample periodperiod becausebecause ofof newnew snowfallsnowfall andand meltingmelting oror 
settlingsettling ofof thethe eXlstingeXlsting snow.snow. TheThe deepestdeepest snowsnow depthdepth 
waswas 9.59.5 inchesinches recordedrecorded onon FebruaryFebruary 14,14, 19631963 (TABLE(TABLE 1).1). 

226226
 



TABLETABLE 2.2. DissolvedDissolved oxygenoxygen concentrationsconcentrations fromfrom fivefive depthsdepths atat StationStation 11 fromfrom 
FebruaryFebruary 7,7, 19631963 toto JanuaryJanuary 21,21, 1964,1964, expressedexpressed inin partsparts perper million.million. 

I
r 
I 

DD EE PP TT HH (f(f ee ee t)t) 
DateDate 00 55 1010 1515 .2iL..£iL 

FebruaryFebruary 7,7, 19631963 8.58.5 7.97.9 6.66.6 5.35.3 5.45.4 
FebruaryFebruary 14,14, 19631963 8.58.5 8.08.0 6.56.5 5.65.6 4.74.7 
FebruaryFebruary 20,20, 19631963 7.77.7 7.57.5 7.07.0 5.85.8 5.25.2 
FebruaFebruaryry 27,27, 19631963 8.08.0 7.97.9 6.56.5 5.25.2 3.23.2 
MarchMarch 7,7, 19631963 8.48.4 8.78.7 6.86.8 4.84.8 3.33.3 
MarchMarch 13,13, 19631963 9.99.9 9.29.2 8.58.5 5.55.5 4.34.3 
MarchMarch 20,20, 19631963 9.79.7 8.98.9 9.29.2 5.85.8 3.53.5 
MarchMarch 28,28, 19631963 10.310.3 9.99.9 7.17.1 4.34.3 3.03.0 
AprilApril 4,4, 19631963 10.710.7 11.211. 2 6.86.8 5.05.0 2.92.9 

Ntv AprilApril II,II, 19631963 10.010.0 10.010.0 5.45.4 3.63.6 1.81.8 
Ntv 
-..J-..J	 AprilApril 18,18, 19631963 10.110.1 11.311. 3 5.85.8 3.53.5 2.72. 7 

AprilApril 25,25, 19631963 10.910.9 12.012.0 7.37.3 3.93.9 3.43.4 
MayMay 3,3, 19631963 9.29.2 9.69.6 8.08.0 7.07.0 3.73.7 

14, 19631963	 8.18.1 11.11. 55 12.712.7 6.56.5 3.73.7MayMay 14/ 
AugustAugust 16,16, 19631963 10.710.7 12.612.6 12.812.8 12.912.9 6.96.9 
SeptemberSeptember 25,25, 19631963 11.011.0 11.211.2 11.111.1 10.010.0 9.09.0 
OctoberOctober II, 19631963 8.08.0 7.87.8 7.67.6 7.47.411, 7.87.8 
NovemberNovember 26,26, 19631963 8.08.0 7.57.5 7.57.5 7.47.4 7.37.3 
DecemberDecember 4,4, 19631963 7.67.6 7.77.7 7.57.5 7.37.3 7.27.2 
DecemberDecember 27,27, 19631963 7.87.8 7.17.1 6.56.5 6.36.3 6.36.3 
JanuaryJanuary 3,3, 19641964 7.57.5 7.07.0 6.36.3 6.06.0 5.65.6 
JanuaryJanuary 21,21, 19641964 8.78.7 7.97.9 7.97.9 7.27.2 6.76.7 
AnnualAnnual MeanMean 9.19.1 9.29.2 7.87.8 6.26.2 4.94.9 



TABLETABLE 3.3.	 Hydrogen-ionHydrogen-ion (pH)(pH) concentrationsconcentrations fromfrom fivefive depthsdepths atat StationStation 11 fromfrom 
FebruaryFebruary 7,7, 19631963 toto JanuaryJanuary 21,21, 1964,1964, expressedexpressed inin partsparts perper million.million. 

DD EE PP TT HH (f(f ee ee t)t) 
DateDate 00 55 1010 1515 2020 

FebruaryFebruary 7,7, 19631963 7.17.1 7.17.1 7.07.0 7.07.0 7.07.0 
FebruaryFebruary 14,14, 19631963 7.07.0 7.07.0 6.96.9 6.96.9 6.86.8 
FebruaryFebruary 20,20, 19631963 7.47.4 7.37.3 7.37.3 7.27.2 7.27.2 
FebruaryFebruary 27,27, 19631963 7.37.3 7.37.3 7.27.2 7.17.1 7.07.0 
MarchMarch 7,7, 19631963 7.27.2 7.27.2 7.17.1 7.07.0 6.96.9 
MarchMarch 13,13, 19631963 7.17.1 7.27.2 7.17.1 7.07.0 7.07.0 
MarchMarch 20,20, 19631963 7.27.2 7.47.4 7.37.3 7.17.1 7.07.0 
MarchMarch 28,28, 19631963 7.27.2 7.27.2 7.17.1 7.07.0 6.96.9 
AprilApril 4,4, 19631963 7.27.2 7.37.3 7.17.1 7.07.0 6.86.8 

tvtv AprilApril 11,11, 19631963 7.17.1 7.27.2 7.07.0 6.96.9 6.86.8 
ww
tvtv AprilApril 18,18, 19631963 7.17.1 7.37.3 7.07.0 6.96.9 6.96.9 

AprilApril 25,25, 19631963 7.47.4 7.67.6 7.37.3 7.17.1 7.17.1 
MayMay 3,3, 19631963 7.27.2 7.27.2 7.27.2 7.27.2 7.17.1 
MayMay 14,14, 19631963 6.96.9 7.67.6 7.87.8 7.57.5 7.17.1 
AugustAugust 16,16, 19631963 7.87.8 7.87.8 7.87.8 7.87.8 7.37.3 
SeptemberSeptember 25,25, 19631963 7.87.8 7.87.8 7.87.8 7.57.5 7.47.4 
OctoberOctober 11,11, 19631963 7.37.3 7.27.2 7.27.2 7.27.2 7.27.2 
NovemberNovember 26,26, 19631963 7.27.2 7.27.2 7.27.2 7.27.2 7.27.2 
DecemberDecember 4,4, 19631963 7.27.2 7.27.2 7.27.2 7.27.2 7.27.2 
DecemberDecember 27,27, 19631963 7.27.2 7.27.2 7.27.2 7.27.2 7.27.2 
Januar}r 19641964 7.57.5 7.47.4 7.47.4 7.47.4January 3,3, 7.47.4 
JanuaryJanuary 21,21, 19641964 6.96.9 6.96.9 6.96.9 6.96.9 6.86.8 
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TABLETABLE 4.4.	 CarbonCarbon dioxidedioxide concentrationsconcentrations fromfrom fivefive depthsdepths atat StationStation 11 fromfrom 
FebruaryFebruary 7,7, 19631963 toto JanuaryJanuary 21,21, 1964,1964, expressedexpressed inin partsparts perper million.million. 

DD EE PP TT HH (f(f ee ee t)t) 
DateDate 00 55 1010 1515 2020 

FebruaryFebruary 7,7, 19631963 77 66 66 77 99 
FebruaryFebruary 14,14, 19631963 66 77 1010 99 1010 
FebruaryFebruary 20/20/ 19631963 55 66 66 77 99 
FebruaryFebruary 27,27, 19631963 66 66 66 77 77 
MarchMarch 7,7, 19631963 55 55 77 1010 1212 
MarchMarch 13,13, 19631963 88 99 1111 99 1010 
MarchMarch 20/20/ 19631963 44 44 55 88 1010 
MarchMarch 28,28, 19631963 33 44 44 55 66 
AprilApril 4,4, 19631963 55 55 66 77 77 

IVIV AprilApril 11,11, 19631963 33 55 55 66 77 
l\.)N 	 AprilApril 18,18, 19631963 44 44 66 99 99~~ 

AprilApril 25/25, 19631963 22 22 44 66 66 
MayMay 3,3, 19631963 44 44 66 66 66 

14, 	 22MayMay 14/ 19631963 11 11 - 1212 
AugustAugust 16,16, 19631963 00 00 00 00 77 
SeptemberSeptember 25,25/ 19631963 00 00 00 11 22 
OctoberOctober 11,11, 19631963 44 22 33 33 44 
NovemberNovember 26,26, 19631963 55 33 44 44 44 
DecemberDecember 4,4, 19631963 33 44 44 44 33 
DecemberDecember 27,27, 19631963 44 33 44 66 33 
JanuaryJanuary 3/3/ 19641964 33 33 55 44 44 
JanuaryJanuary 21,21, 19641964 33 33 22 33 33 
AnnualAnnual MeanMean 44 44 55 66 77 
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TABLETABLE 5.5. TotalTotal alkalinityalkalinity ** concentrationconcentration fromfrom fivefive depthsdepths atat StationStation 11 fromfrom 
FebruaryFebruary 7,7, 19631963 toto JanuaryJanuary 21,21, 1964,1964, expressedexpressed inin partsparts perper million.million. 

DateDate	 00 55 1010 1515 2020-­

FebruaryFebruary 7,7, 19631963 7272 7070 7070 7171 7272 
FebruaryFebruary 14,14, 19631963 7373 7171 7070 7070 7070 
FebruaryFebruary 20,20, 19631963 7979 8080 8282 8383 8585 
FebruaryFebruary 27,27, 19631963 7575 7979 7777 7676 8282 
MarchMarch 7,7, 19631963 7777 7878 7373 7575 7575 
MarchMarch 13,13, 19631963 7070 7070 6767 8585 7575 
MarchMarch 20,20, 19631963 7373 8282 8181 111111 111111 
MarchMarch 28,28, 19631963 7171 7878 7878 7979 8181 
AprilApril 4,4, 19631963 7070 7070 7070 7373 7676 

NIV AprilApril 11,11,	 19631963 6767 7878 8888 8787 9191 
ww 
00	 AprilApril 18,18, 19631963 7070 7373 7575 7474 8080 

AprilApril 25,25, 19631963 6060 7070 7373 7575 7272 
MayMay 3,3, 19631963 4848 6464 7878 9292 9090 
MayMay 14,14, 19631963 3636 7272 9898 - 9090 
AugustAugust 16,16, 19631963 6666 6464 6868 7272 8080 
SeptemberSeptember 25,25, 19631963 7070 7171 6969 7070 7474 
OctoberOctober 11,11, 19631963 7575 7373 7474 7272 7878 
NovemberNovember 26,26, 19631963 8080 7676 7575 7676 7777 
DecemberDecember 27,27, 19631963 7474 7676 7474 7070 7272 
JanuaryJanuary 3,3, 19641964 8080 7474 7575 7474 7373 
JanuaryJanuary 21,21, 19641964 7979 7676 7575 7575 7474 
AnnualAnnual MeanMean 7070 7474 7676 7878 8080 

** AsAs CaCo3CaCo3 
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TheThe concentrationconcentration ofof carboncarbon dioxidedioxide enteringentering thethe 
hatcheryhatchery troughstroughs rangedranged fromfrom 0a toto 1111 ppmppm inin 19631963 (TABLE(TABLE 7).7). 
TheThe tabletable indicatesindicates thatthat slightlyslightly largerlarger amountsamounts ofof carboncarbon 
dioxidedioxide werewere presentpresent atat thethe footfoot ofof thethe troughs.troughs. 

TheThe annualannual meanmean totaltotal alkalinityalkalinity waswas higherhigher atat thethe 
footfoot ofof thethe troughstroughs duringduring thethe yearyear (TABLE(TABLE 7).7). HighestHighest 
concentrationsconcentrations werewere recordedrecorded atat bothboth stationsstations duringduring thethe 
springspring months,months, coincidingcoinciding withwith thethe lowestlowest annualannual dissolveddissolved 
oxygenoxygen readingsreadings (TABLE(TABLE 6)6) andand thethe highesthighest carboncarbon dioxidedioxide 
concentrationconcentration (TABLE(TABLE 6).6). 

WaterWater flowflow measurementsmeasurements werewere mademade andand recordedrecorded peri ­peri ­
odicallyodically inin FireFire Creek,Creek, thethe bypassbypass pipe,pipe, throughthrough thethe hatch­hatch­
eryery andand belowbelow thethe hatchery.hatchery. TheThe bypassbypass pipepipe isis locatedlocated 
aboutabout 9090 feetfeet aboveabove thethe hatcheryhatchery buildingbuilding andand suppliessupplies 
waterwater toto thethe fourfour woodenwooden rearingrearing tankstanks duringduring thethe summersummer 
months.months. TheThe waterwater flowflow throughthrough thethe bypassbypass pipepipe rangesranges 
fromfrom 4040 toto 100100 gallonsgallons perper minute.minute. WaterWater flowingflowing throughthrough 
thethe hatcheryhatchery variesvaries withwith thethe seasonseason ofof year.year. AnAn averageaverage 
flowflow ofof 200200 gpmgpm isis usedused inin thethe hatcheryhatchery duringduring May,May, June,June, 
JulyJuly andand AugustAugust toto meetmeet thethe demandsdemands ofof fishfish beingbeing raisedraised 
atat thatthat time.time. ThisThis amountamount dropsdrops offoff toto approximatelyapproximately 7575 gpmgpm 
duringduring thethe incubationincubation ofof cohocoho salmonsalmon eggseggs fromfrom OctoberOctober throughthrough 
January.January. TotalTotal FireFire CreekCreek waterwater flowsflows werewere calculatedcalculated fromfrom 
thethe dischargedischarge weirweir nextnext toto thethe hatchery.hatchery. TotalTotal flowflow measure­measure­
mentsments includedincluded bypassbypass amountsamounts whenwhen applicable.applicable. TheThe runoffrunoff 
recordedrecorded throughthrough thethe weirweir inin FireFire CreekCreek rangedranged fromfrom 373373 toto 
1,4451,445 gpm.gpm. MeasurementsMeasurements atat thethe weirweir hadhad toto bebe discontinueddiscontinued 
inin earlyearly MayMay duedue toto thethe installationinstallation ofof thethe upstream­upstream­
downstreamdownstream traps.traps. AfterAfter thisthis time,time, twotwo periodsperiods ofof streamflowstreamflow 
(breakup(breakup andand freshet)freshet) exceedingexceeding thethe maximummaximum recordedrecorded flowflow 
overover thethe weirweir waswas observed.observed. 
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TABLETABLE 6.6.	 DissolvedDissolved oxygenoxygen andand hydrogen-ionhydrogen-ion concentrationsconcentrations expressedexpressed inin partsparts perper 
millionmillion andand pHpH atat twotwo stationsstations inin thethe FireFire LakeLake Hatchery,Hatchery, FebruaryFebruary 7,7, 
19631963 toto JanuaryJanuary 21,21, 1964.1964. 

DissolvedDissolved OxygenOxygen	 pHpH 
DateDate 

FebruaryFebruary 7,7, 19631963 
FebruaryFebruary 14,14, 19631963 
FebruaryFebruary 20,20, 19631963 
FebruaryFebruary 27,27, 19631963 
MarchMarch 7,7, 19631963 
MarchMarch 13,13,	 19631963 
MarchMarch 20,20,	 19631963 
MarchMarch 28,28,	 19631963 

tv AprilApril 4,4, 19631963IV 
ww 
tv AprilApril 11,11, 19631963IV 

AprilApril 18,18,	 19631963 
AprilApril 25,25,	 19631963 
MayMay 3,3, 19631963 
MayMay 14,14, 19631963 
SeptemberSeptember	 25,25, 19631963 
OctoberOctober 11,11, 19631963 
NovemberNovember 26,26, 19631963 
DecemberDecember 4,4, 19631963 
DecemberDecember 27,27, 19631963 
JanuaryJanuary 3,3, 19641964 
JanuaryJanuary 21,21, 19641964 
AnnualAnnual MeanMean 

** HeadHead ofof TroughTrough 
**** FootFoot ofof TroughTrough 

StationStation 2*2* 

6.56.5 
5.45.4 
5.55.5 
4.64.6 
5.05.0 
5.35.3 
5.25.2 
5.35.3 
5.55.5 
5.35.3 
6.66.6 
6.76.7 
7.47.4 

12.312.3 
11.111.1 

8.08.0 
8.18.1 
8.18.1 
6.76.7 
6.96.9 
7.47.4 
6.86.8 

StationStation 3**3** 

6.46.4 
5.55.5 
5.55.5 
4.54.5 
5.05.0 
5.55.5 
6.26.2 
6.06.0 
5.35.3 
5.65.6 
6.66.6 
7.07.0 
7.57.5 

12.012.0 
10.710.7 

7.37.3 
-
-
-
-
-

6.76.7 

StationStation 22 

7.07.0 
6.86.8 
7.27.2 
7.17.1 
7.07.0 
6.96.9 
7.07.0 
7.07.0 
7.17.1 
6.96.9 
7.07.0 
7.27.2 
7.27.2 
7.87.8 
7.87.8 
7.37.3 
7.27.2 
7.27.2 
7.37.3 
7.47.4 
6.76.7 

StationStation 33 

7.07.0 
6.86.8 
7.27.2 
7.17.1 
7.07.0 
7.07.0 
7.17.1 
7.07.0 
7.07.0 
6.96.9 
7.07.0 
7.37.3 
7.27.2 
7.87.8 
7.87.8 
7.27.2 
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TABLETABLE 7.7.	 CarbonCarbon dioxidedioxide andand totaltotal alkalinity*alkalinity* concentrationsconcentrations expressedexpressed inin partsparts 

perper millionmillion atat twotwo stationsstations inin thethe FireFire LakeLake Hatchery,Hatchery, FebruaryFebruary 7,7, 19631963 
toto JanuaryJanuary 21,21, 1964.1964. 

DateDate 

FebruaryFebruary 7,7, 19631963 
FebruaryFebruary 14,14, 19631963 
FebruaryFebruary 20,20, 19631963 
FebruaryFebruary 27,27, 19631963 
MarchMarch 7,7, 19631963 
MarchMarch 13,13, 19631963 
MarchMarch 20,20, 19631963 
MarchMarch 28,28, 19631963 
AprilApril 4,4, 19631963 

I\..JIV 
WW AprilApril 11,11,	 19631963 ww 

AprilApril 18,18, 19631963 
AprilApril 25,25, 19631963 
MayMay 3,3, 19631963 
MayMay 14,14, 19631963 
SeptemberSeptember 25,25, 19631963 
OctoberOctober 11,11, 19631963 
NovemberNovember 26,26, 19631963 
DecemberDecember 4,4, 19631963 
DecemberDecember 27,27, 19631963 
JanuaryJanuary 3,3, 19641964 
JanuaryJanuary 21,21, 19641964 
AnnualAnnual MeanMean 

** AsAs CaCo3CaCo3 
**** HeadHead ofof TroughTrough 

****** FootFoot ofof TroughTrough 

CarbonCarbon DioxideDioxide 
StationStation 2**2** StationStation 3***3*** 

66 88 
1010 44 

77 88 
77 88 

1010 1111 
99 1010 
55 66 
66 77 
66 88 
55 55 
66 77 
66 66 
66 66 
33 22 
00 00 
44 44 
55 -
44 
44 -
66 -
44 -
66 66 

TotalTotal AlkalinityAlkalinity 
StationStation 22 Sta tionStation 33 

7171 7373 
7070 7575 
8585 9191 
8383 8080 
7373 7474 
7373 7575 

104104 120120 
8585 7878 
8484 8585 
7272 8484 
7676 7777 
7171 7474 
8181 8181 
7878 7474 
6767 7272 
7575 7474 
7676 

7676 
7575 
8080 
7878 8080 
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